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BOTANY.—A species of Pythiogeton isolated from decaying leaf- 
sheaths of the common cat-tail.| CHARLES DRECHSLER, Bureau of 
Plant Industry. 


Late in October 1931, some specimens of the common cat-tail (Typha 
latifolia L.) collected in marshes near Port Clinton, Ohio, were sub- 
mitted to me as being illustrative of a disease through which the cat- 
tail stands in that neighborhood had been damaged so severely that 
the loss of thousands of muskrats from lack of winter food was being 
anticipated. The trouble affecting the plants was apparently of the 
type usually referred to as foot-rot, being evidenced in every case 
chiefly in extensive watersoaking, brownish discoloration and eventual 
decay of the basal portions of the fleshy clasping leaf-sheaths. An 
assortment of fungi, including nearly a dozen species of Pythium, 
were isolated from the affected tissues. Among these, a certain form 
very similar to the one previously described by me (12) as Pythium 
helicoides, if, indeed, not identical with it, made its appearance es- 
pecially frequently, thereby suggesting that the similarity of the injury 
to that which I have frequently observed in Wisconsin on leaves and 
petioles of the white water-lilies (Nymphaea odorata Ait. and N. 
tuberosa Paine) attacked by an undoubted member of the helicoides 
series, may perhaps not be altogether accidental. Any more definite 
opinion as to parasitic relationships will require specimens of diseased 
cat-tails collected, needless to say, earlier in the season, showing 
fresh lesions on vegetatively vigorous plants. In the meantime, it 
may not be inappropriate to direct attention to another fungus in the 
assortment of pure cultures obtained, because of interest attaching to 
it as a member of probably the most critical genus in the Pythiaceae. 

The genus in question is Pythiogeton, erected by von Minden (20) 
in 1916 to include three aquatic fungi growing on submerged decaying 
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plant substrata, and described by him as Pythiogeton utriforme, 
Pythiogeton transversum and Pythiogeton ramosum, the last-mentioned 
being regarded by its author as of somewhat doubtful independence. 
A feature common to all of these forms was the production of a charac- 
teristically elongated utriform sporangium attached at its upper end 
to the supporting hypha, its axis therefore not coinciding with but 
rather directed transversely to that of the latter. In spite of its 
obviously striking aspect, von Minden did not consider the asym- 
metrical sporangium as in itself making necessary a genus distinct 
from Pythium, for, as he soundly reasoned, not only were subspherical 
sporangia and sporangia intermediate in shape between the subspherical 
and utriform types present in his fungi, but the genus Pythium already 
embraced a variety of sporangial types to which another might be 
added without much violence. At the time rather little was known 
concerning the occurrence of lobulate sporangia in Pythium, so that 
grounds were then lacking for an obvious but evidently somewhat 
specious analogy that might later have suggested itself between the 
utriform sporangia on the one hand and the individual digitate swollen 
sporangial elements of such forms as Pythium arrhenomanes Drechsl. 
in which these elements often attain comparable, if not equal dimen- 
sions, on the other. A most distinctive feature of Pythiogeton von 
Minden recognized in the sequence of events intimately related to the 
production of zoospores: the discharge of the sporangial contents 
through an evacuation tube into a tubular or elongated vesicle, the 
accumulation of these contents in the distal portion of the vesicle, the 
disintegration of the vesicle membrane, and the subsequent fashioning 
of the zoospores from the protoplasmic mass, now naked and directly 
in contact with the surrounding water. Although von Minden did not 
succeed in isolating and cultivating in pure culture any of the three 
species of Pythiogeton described by him, he was able with some degree 
of certainty to relate sexual structures to Pythiogeton utriforme and 
Pythiogeton transversum. The extraordinary thickness of oospore wall 
shown by him in his figures of both these species is assuredly absent 
from any species of Pythium hitherto described, as is also the polygonal 
shape of the mature oogonium depicted by him for Pythiogeton trans- 
versum. Among additional features mentioned by von Minden as 
setting Pythiogeton apart from Pythium, were the occurrence of a long 
evacuation tube; the helicoid involvement of the hypha supporting 
one sexual organ by the hypha bearing the other, present in Pythiogeton 
transversum; and the absence in Pythiogeton utriforme, at least, of any 
contraction of the oogonial contents preliminary to the formation of the 
oospore wall. 
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Except for the recent citation by Ito and Nagai (15) of Pythiogeton 
ramosum among the fungi isolated by them from rice seeds and rice 
seedlings in Japan, and a brief discussion by Sparrow (23) of a fungus 
which he found in three localities in North America and identified 
likewise as Pythiogeton ramosum, the literature since the appearance of 
von Minden’s paper seems to present no first-hand information con- 
cerning any member of the genus under consideration. In various 
general accounts dealing at second hand with the taxonomy of the 
Phycomycetes, Pythiogeton has been adopted as a valid genus distinct 
from Pythium, though the grounds for the distinction have not always 
been those which von Minden apparently considered most decisive. 
Meanwhile additional information concerning many species of Pythiwm 
then known has come to light, and a considerable number of new 
species have been described, so that the meaning of the latter genus 
has in some respects been modified or extended. In a treatment of 
the species of Pythiogeton isolated from the common cat-tail, some 
consideration may therefore well be given to the more recent changes 
in our understanding of allied genera. 

In his discussion of the taxonomic position of Pythiogeton, von Min- 
den stated that his species showed similarity to Pythium in the de- 
velopment and vegetative habit of their mycelia. As this investi- 
gator was working entirely with water cultures, it may be inferred that 
his comparison applies primarily to the extramatrical submersed 
portions of mycelium that can be readily taken up from such cultures 
and conveniently examined. When cultivated in liquid media, as, 
for example, decoctions of lima beans, of maize meal, or of yeast, the 
fungus isolated from leaves of cat-tail likewise shows a general sim- 
ilarity to the more delicate species of Pythiwm, the wider and longer 
axial hyphae being nearly straight or smoothly fluxuous in course, 
the shorter lateral branches borne on them being of more irregular 
course and giving off at much shorter intervals, branches of inferior 
lengths. As among species of Pythiwm, each of the hyphal elements 
in the actively growing portions of mycelium, appears usually, though 
not constantly, to be smaller in diameter than the element from which 
it originates, the diameter at the base being, however, sustained well 
toward the termination with scarcely any diminution. Perhaps the 
branches are rather more frequently inserted at angles approaching a 
right angle than in most species of Pythiwm, among which a more 
forward orientation is usually apparent, yet the difference is certainly 
not very marked when some of the more exceptional members of the 
latter genus are considered. With respect to the contents of the 
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mycelium, a general similarity with species of Pythium is again 
evident, the protoplasmic material here also showing a condition 
median between the rather diaphanous, sappy composition apparent in 
species of Aphanomyces and the very substantial densely granular 
composition common to species of Phytophthora. 

When the fungus under consideration is grown on soft artificial gel 
substrata, such as can be prepared by adding to suitable decoctions 
agar-agar in the proportion of one part in a hundred, the vegetative 
habit is not markedly different from that resulting from growth in a 
liquid medium. Appressoria in the form of terminal clavate disten- 
sions, and very similar therefore to those produced by many species of 
Pythium, make their appearance in large numbers on surfaces where 
the mycelium comes in contact with a solid body, as, for example, on 
the under side of a petri-dish culture (Fig. 1, A; Fig. 2,G). However 
on harder agar media containing two parts of agar-agar in a hundred, 
the hyphae frequentiy show a somewhat moniliform shape with ex- 
pansions and constrictions succeeding each other at short intervals. 
Appressoria are less definitely differentiated, possibly for the reason 
that the expansions in themselves may represent modifications in the 
nature of appressoria, perhaps enabling the filaments to thrust their 
way through substrata too resistant for filaments of more uniform 
width. Because of its reduced luxuriance, growth on the harder and 
drier media presents a characteristic frail appearance, which is borne 
out also by the meager aerial mycelium present usually as a very 
scanty arachnoid fleece overlying the surface of the substratum and 
extending up the wall of the container for distances of 5 to 10 mm. or 
more. A somewhat increased development of aerial mycelium has 
often been noted when the fungus was grown in mixed culture with a 
species of Alternaria congenial to it, provisionally identified as A. 
tenuis Nees, the increase being attributable apparently to the constant 
presence of minute droplets of water supplied through guttation by the 
intermixed organism. In actively growing condition, the mycelium, 
like that of Phycomycetes generally, is continuous, septa, of course, 
later making their appearance with the progressive evacuation of 
protoplasmic contents, to set off living from emptied portions, so that 
in the end cross-walls are usually present in moderate abundance. 

Similarities in mycelial habit between the fungus under considera- 
tion and the more delicate of the fungi assignable to Pythium, as, for 
example, Pythium acanthicum Drechsl. are thus fairly obvious. Yet 
the general aspect of the former, at least under some conditions of 
growth, impresses one as being alien to Pythium, though it must be 
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Fig. 1.—Pythiogeton autossytum, x 91. A.—Vegetative mycelium bearing numerous 
appressoria. B.—Temporary bursiform sporangia borne on irrigated mycelium, some, 
a, being clustered in a dense, almost opaque mass, and others, b, being found in open 
arrangement. C.—Subspherical sporangia produced in string-bean agar. Photographed 
by Marguerite 8. Wilcox. 
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admitted that the latter genus is not characterized by a degree of 
uniformity in mycelial habit such as prevails in more closely integrated 
genera like Phytophthora or Aphanomyces, the family resemblance in 
certain of the more aberrant types referable to it, often being not imme- 
diately obvious. As might be expected the American fungus exhibits 
a manner of branching unmistakably similar to that expressed in von 
Minden’s figures of Pythiogeton utriforme, Pythiogeton transversum and 
Pythiogeton ramosum. Some doubt, however, attaches to the relative 
coarseness of the several plants. Von Minden’s values for the di- 
ameter of the hyphae of Pythiogeton utriforme, 2.5 to 3.5u, which it is 
to be inferred hold for Pythiogeton transversum and also for the vege- 
tative filaments of Pythiogeton ramosum, might be interpreted as 
indicating a generally more delicate mycelium than that of the 
fungus isolated from decaying cat-tail tissues, with living hyphae 
measuring up to 7y in diameter. Indeed, a specific difference may 
actually be present here. Yet it must be considered that von Min- 
den’s measurements were in all probability carried out mainly on 
extramatrical hyphae immersed in water containing practically no 
nutriment, rather than on filaments developed within a solid sub- 
stratum or in a liquid pabulum. Butler’s (7) figures of his Pythium 
diacarpum suggest that similar conditions may have had their effect 
in the production of the unusually slender extramatrical hyphae 
described for that fungus, even though growth characteristics inherent 
in the species are to be given primary importance. 

When a vigorously growing mycelium of the species of Pythiogeton 
from Ohio is transferred to distilled water, production of temporary 
sporangia usually begins within a day, and in the course of an addi- 
tional day or two results in a very copious display of these bodies 
(Fig. 1, B; Fig. 2, A-F). Many of the sporangia are borne in the 
manner held typical by von Minden for his Pythiogeton transversum, 
that is, they arise as intercalary structures a short distance from the 
end of the supporting filament. On attaining definitive size such 
sporangia are delimited by the insertion of two septa, so that the distal 
portion of filament, from which the protoplasmic contents have in 
most cases been withdrawn earlier, appears finally as an empty ap- 
pendage. As in Pythiogeton transversum, this appendage is of variable 
length, but on the whole would seem considerably shorter than the 
appendages shown in von Minden’s illustrations. In other cases the 
sporangium is intercalary, but remote from the tip of the supporting 
hypha, so that after the appearance of the delimiting septa, it lies 
between two elements of which both are filled with protoplasm. In 
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Fig. 2.—Pythiogeton autossytum, drawn with aid of the camera lucida, x 460. A-F.— 
Temporary bursiform sporangia showing differences in shape and in relationship to 
mycelium. F.—A group of appressoria formed in contact with the base of a petri dish 
containing an agar plate culture. ? 
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some instances of this kind the sporangium may nevertheless bear the 
usual short appendage (Fig. 2, F), which evidently must have origin- 
ated earlier as a short branch of the parent filament. 

The various intercalary relationships mentioned may be made out 
most frequently when the sporangia are not of the largest and when 
optical conditions are especially favorable. In more luxuriant prep- 
arations several days after transfer to water, when temporary sporangia 
of greater dimensions are present in abundance, a terminal attachment 
of these structures, corresponding to the type of attachment von 
Minden described as distinctive for Pythiogeton transversum, is much 
more frequently apparent than an intercalary relationship. It may 
be suspected, however, that optical difficulties arising from the thick- 
ness of such luxuriant mycelial mats, and from ‘poor visibility of the 
short, empty appendages when not seen attached in profile and after 
exposure to increasing action of contaminating bacteria, have a con- 
siderable part in bringing about this effect. 

As in the congeneric forms described by von Minden, the tem- 


porary sporangium of the American fungus is typically a body that in . 


its shape and its mycelial relationship may be compared to an elon- 
gated pouch usually somewhat wider below than at its upper end, at 
which latter it is attached in such manner that its free lower part is 
directed at an oblique or a right angle to the axis of the supporting 
stalk. Variations of different sorts are usually abundantly repre- 
sented. Through shortening of the bursiform structure along its own 
axis, a merely ventricose shape may result (Fig. 3, A). In prepara- 
tions very favorable for the production of sporangia, two bursiform 
parts are often fused into a single large bilobate reproductive body 
(Fig. 4, L; Fig. 5, A). And at least occasionally an elongated terminal 
sporangium may be borne with its axis coinciding with that of the 
supporting filament (Fig. 2, A), so that a symmetrical relationship 
approximating that found in various species of Pythium is brought 
about. 

With respect to size the temporary sporangia show a relatively high 
degree of variability. As might be expected, the vigor and the mass 
of the mycelium employed as well as such environmental factors as 
temperature and freedom from food materials, are reflected in the 
dimensions and number of these structures. Older preparations in 
which the mycelium has been in large measure exhausted are apt to 
show an increasing proportion of smaller sporangia. Frequently 
improper irrigation or excessive development of some contaminating 
organisms appears to encourage the production in large numbers of 
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Fig. 3.—Pythiogeton autossytum, drawn with aid of the camera lucida x 460. A.—A 
bursiform sporangium immediately after discharge of contents. B.—A submerged bur- 
siform sporangium together with its discharged contents, 10 minutes after dehiscence. 
C.—A bursiform sporangium, a, with discharged contents in a later stage of zoospore 
development, being present partly as individualized spores, b-/, almost already to swim 
away, and partly as a mass, g, provided with some cilia but still without definite 
cleavage. D.—An empty sporangial envelope and a second sporangium developing 
within it. E, a-b.—Motile zoospores. F, a-j7.—Zoospores after rounding up. G, a-e.— 
Empty zoospore envelopes each with open evacuation tube, evidencing repetitional 
development. H, a-e.—Zoospores germinating by one or more germ tubes. 
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Fig. 4.—Pythiogeton autossytum, drawn with aid of the camera lucida, x 460. A-D.— 
Subspherical sporangia newly formed in a string-bean agar plate culture. E, F.—Sub- 
spherical sporangia in a 65-day old culture, showing a large central vacuole in each. 
G, H.—Empty sporangial envelopes evacuated when pieces of a 65-day old agar plate 
culture were irrigated. I-K.—Empty envelopes of bursiform sporangia. L.—Empty 
envelope of a bilobate sporangium. 
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intergrades between typical temporary sporangia and typical resting 
sporangia. As neither the undersized nor the intergrading bodies 
attain to proportionately great numbers until several days after vig- 
orous mycelia have been transferred to water, the sporangia already 
present in impressive abundance during the period from the thirty- 
sixth to the fourth-eighth hour after such transfer provide an exhibit 
perhaps as representative of the morphology of the species as any that 
could be selected. Using material of this description measurements 
of 100 sporangia chosen at random (25 being thus chosen in each of 
four separate preparations) yielded values for length distributable in 
groups covering ranges of 10u as follows: 31-40u, 2; 41-50, 1; 51-60x, 
6; 61-70u, 3; 71-80u, 19; 81-90u, 16; 91-100u, 17; 101-110,, 15; 
111-120y, 9; 121-130u, 6; 151-160u, 3; 161-170u, 1; 171-180,, 1; 
181-190u, 1. The same sporangia gave measurements for greatest 
diameter with the following frequency distribution: 21y, 1; 24y, 1; 
25u, 1; 29u, 2; 30u, 1; 3ly, 4; 32u, 4; 33u, 3; 34u, 2; 35u, 2; 36u, 4; 
37, 4; 38u, 3; 39u, 6; 40u, 5; 41y, 5; 42y, 5; 43y, 6; 44u, 5; 45y, 5; 
46u, 1; 47u, 3; 48u, 6; 49u, 5; 50u, 2; 51y, 1; 52y, 3; 53u, 2; 54yu, 4; 
55u, 1; 58u, 1; 59u, 1; 624, 1. From the two sets of values averages 
of 964 and of 424 were computed for length of temporary sporangium 
and greatest diameter of temporary sporangium respectively. It may 
hardly be necessary to state that more extreme dimensions than those 
encountered among the 100 structures chosen at random, came under 
observation. Thus the empty sporangium shown in Figure 5, G, 
which it may be presumed gave rise to only a single zoospore, was found 
to measure 16u in length and 13, in diameter. The broadest tem- 
porary sporangium seen was found to measure 68, in diameter at its 
widest zone; while the longest sporangium encountered, the bilobate 
specimen shown in Figure 5, A, measured 226, along its curved longi- 
tudinal axis. Even without attributing excessive importance to such 
more extreme expressions of size, the temporary sporangia manifestly 
do not show sufficient uniformity with respect to dimensions or shape 
to justify much elaboration of metric data. Yet on the other hand the 
greatest values obtained for length and diameter are so much smaller 
than the corresponding values given by von Minden for the largest 
of only four sporangia of Pythiogeton transversum, chosen by him ap- 
parently at random, namely 299u and 79, respectively, that identity 
of the two forms would seem rather definitely out of question. For 
reasons of taxonomy it is to be regretted that von Minden did not give 
measurements, however approximate, of the sporangia of Pythiogeton 
utriforme and Pythiogeton ramosum, nor any statement as to the 
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dimensional ranges represented in them in comparison with those of 
Pythiogeton transversum. Such measurements, it is true, have been 
supplied by Sparrow for the form which he identified as Pythiogeton 
ramosum. In view of the very unhappy status of many of the com- 
posite specific characterizations to be encountered in mycological 
literature, more particularly in the literature concerning the submerse 
and amphibious Phycomycetes, it might, however, be weil not to 
combine Sparrow’s measurements with the descriptive details given 
by von Minden until further information favoring combination is 
brought to light. 

At the time the sporangia of Pythiogeton attain full size, their con- 
tents appear to consist of densely granular material with some vacu- 
oles, mostly rather small and inconspicuous, interspersed here and there. 
The development leading to the production of zoospores, entails a 
reorganization with the result that during somewhat later stages 
vacuoles of variable sizes are no longer much in evidence, but instead 
the densely granular material reveals imbedded in it structures meas- 
uring nearly uniformly about 2, or slightly more across that give the 
impression of being more refractive than ordinary vacuoles. The 
number of these structures present is proportional to the size of the 
reproductive body, the smaller sporangia containing often less than a 
dozen, whereas the largest ones contain a hundred or even more. 
They show some correspondence in size, number and distribution to 
the nuclei as made visible in material stained with Delafield’s haema- 
toxylin, though this correspondence may be altogether fortuitous, and 
lacking in significance. The assertion of identity here would in any 
case encounter the same sort of difficulty as the identification of the 
refringent body (the “‘helle Fleck’”’ of DeBary) in the living mature 
oospore of species of Pythium, with the single large oospore nucleus 
appearing in stained material—an identification suggested by the 
findings of Trow (24) on Pythium ulttimum Trow, and of Edson (14) 
on Pythium aphanidermatum (Eds.) Fitzp., even though these findings 
took apparently no cognizance of DeBary’s (2, 4) remarks on the pre- 
valence of the “helle Fleck” as a morphological feature. Whatever 
may be the explanation of the characteristic lacunulose appearance, 
this appearance at about the time the evacuation tube is being put 
forth, yields to one marked by the coalescence of increasingly extensive 
longitudinally elongated vacuoles. The ensuing vacuolization, if on 
the whole somewhat less extensive than that occurring in sporangia 
of species of Pythiwm preparatory to dehiscence, nevertheless takes 
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Fig. 5.—Pythiogeton autossytum, drawn with aid of the camera lucida, x 460. A.—A 
bilobate sporangium of approximately maximum length. B-D.—Sporangial envelopes 
containing some encysted zoospores formed from contents retained in cases of incom- 
plete discharge. E, F.—Empty sporangia, each showing internal proliferation of a sec- 
ondary sporangium. G.—Empty envelope and evacuation tube of a sporangium of ap- 
proximately minimum dimensions. 











434 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 22, NO. 15 


very much the same course, and would seem to be representative of 
quite similar development. 

While protoplasmic reorganization is thus being effected, the evacua- 
tion tube reaches definitive length and develops at its apex a hyaline 
cap of the same sort as that regularly found throughout the genus 
Pythium. The distal portion of the tube is without marked modifica- 
tion below the hyaline cap, not being expanded as, for example, in the 
form which evidently DeBary (2) and after him Ward (27) discussed 
under the name Pythium gracile, and for which the binomial Pythium 
complens Fisch. is probably more appropriate than any other. When 
the hyaline cap yields the sporangial contents stream out with great 
rapidity, and collect, as von Minden so well described, in an irregu- 
larly elongated mass in front of the orifice. In the fungus under con- 
sideration the mass of discharged protoplasm was not frequently seen 
to be protruded as directly forward as von Minden’s figures indicate, 
but very generally was observed to be folded, buckled or compressed 
into a bizarre shape (Fig. 3, A), the irregularity of which became more 
pronounced as the amount of material concerned became larger. In 
at least those instances in which the extruded mass is submerged in 
water, further development proceeds in the manner set forth by von 
Minden. The vesicle wall derived from the inflation of the hyaline 
cap soon disintegrates except often for a more persistent tubular proxi- 
mal part, corresponding evidently to the urn-shaped structure de- 
scribed by Butler for his Pythiuwm diacarpum, which may sometimes 
be made out several hours or even a day later as a diaphanous extension 
of the empty evacuation tube. The naked mass thus exposed directly 
to the water very soon reveals cleavage furrows, and in about 10 
minutes is converted into an aggregation of fairly well separated in- 
dividual portions (Fig. 3, B). In the course of about 15 or 20 addi- 
tional minutes, these portions develop cilia that become increasingly 
active (Fig. 3, C, b-f), until finally the separate protoplasts swim away 
as motile zoospores. 

The fully fashioned zoospore (Fig. 3, E) is of the shape usually 
designated as reniform: its length exceeds its width by about one-half; 
the forward end is somewhat pointed, the rear broadly rounded; and 
the side bearing the well defined longitudinal groove in which the 
cilia have their origin is noticeably flattened, the thickness measured 
in a plane from grooved to opposite side being somewhat smaller than 
the width measured at right angles to this plane. Of the two cilia 
the anterior one seems the more active, as the posterior organ can 
sometimes be seen extended nearly straight backward in an apparently 
passive manner. The zoospores come to rest within a few hours 
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(Fig. 3, F), unlike those of Pythiogeton utriforme, which von Minden 
found to remain motile for more than 24 hours. Their average 
diameter after rounding up, of approximately 15, entitles them to 
be reckoned among the largest zoospores produced in the Pythiaceae. 
Germination occurs usually through the production of a single germ 
tube (Fig. 3, H, b-e), two or three tubes being less frequent (Fig. 3, 
H, a), and four relatively rare. Repetitional diplanetism undoubtedly 
occurs with some frequency, as is evidenced by the presence in irri- 
gated preparations of empty cyst envelopes, each supplied with an 
open evacuation tube (Fig. 3, G). The small diameter of the latter 
structure indicates that evacuation must be, like discharge of the 
ordinary sporangia of the fungus, and like evacuation of zoospores of 
species of Pythiwm undergoing similar repetitional development, by 
continued streaming, rather than by immediate bodily escape of an 
integrated motile spore as in species of Phytophthora. It is often to be 
observed that zoospores are more inclined to come to rest, and there- 
fore accumulate in much larger numbers beneath heavy mycelial mats 
than in open water. This behavior, expressive perhaps of some ob- 
scure adaptation to conditions prevailing in the natural habitat, 
stands in contrast with such different behavior as is revealed, for ex- 
ample, in the zoospores of Pythium salpingophorum Drechsl. which 
after coming to rest often float individually but in countless numbers 
on the surface of the water, or in the zoospores of Pythiwm butleri 
Subr., which in especially prolific preparations, are to be found floating 
on the surface of the water in agglutinated masses visible collectively 
to the naked eye as supernatent scum, each mass consisting of hundreds 
and sometimes of thousands of individuals. Frequently, as in other 
Pythiaceous fungi, sporangial discharge is frustrated in greater or 
smaller measure, the protoplasmic material retained within the enve- 
lope nevertheless then ordinarily undergoing the same development as 
the material discharged. Because the evacuation tube is usually, if 
not always, too narrow to permit the imprisoned motile zoospores to 
escape, these finally encyst within the sporangium, sometimes in num- 
bers up to a dozen or a score (Fig. 5, B-D). 

The sequence of events described above is, as has been mentioned, 
that regularly observed to be associated with zoospore formation when 
the mass of protoplasm happens to be largely or wholly submerged in 
water, as is usually the case when washed mycelium is employed. 
When, however, the protoplasmic mass is more nearly superficial, as, for 
example, in preparations of carefully moistened pieces of agar culture, 
an event often intervenes which may be of more than minor significance 
in relation to the essential nature of the reproductive mechanism here 
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concerned. Very soon after the sporangial contents have completed 
their passage through the evacuation tube, the entire discharged mass 
suddenly disappears from view, the disappearance being marked by a 
violent recoil of the tube. Manifestly the body of protoplasm is shot 
away and that with considerable force. A search over an area several 
millimeters in diameter failed in every instance to discover the pro- 
jected mass, and it would seem possible therefore that projection 
ranges somewhat of the same order as those prevalent among certain 
of the Entomophthoraceae might be represented here. Owing to the 
suddenness with which the throwing is accomplished, it has been im- 
possible to observe directly either in what the mechanism here opera- 
tive may consist, or in what manner it is set off, or again in what wise it 
engages the discharged sporangial contents. -Appearances, however, 
indicate the vesicle membrane as the effective mechanism. The mush- 
rooming and buckling of the protoplasmic column as it thrusts against 
the distal part of the vesicle gives the impression that the latter is 
exerting some backward pressure against its continued inflation. The 
stretched membrane of the elongated vesicle might then conceivably 
constitute an element comparable as a mechanical contrivance with 
the drawn rubber band of a toy catapult. 

Several circumstances favor the view that the shooting away of the 
protoplasmic mass represents not only a normal event in the asexual 
reproduction of the fungus under consideration, but the very event in 
relation to which the peculiarities attending zoospore formation in the 
genus find plausible explanation. Thus the elongated shape of the 
vesicle, so markedly different from the spherical shape prevalent in 
other genera of Oomycetes, appears as an intelligible functional adapta- 
tion when the vesicle membrane is considered as a casting device, 
for obviously a pouch-like element stretched mainly in one direction 
would be more efficient in such capacity than one stretched outward 
uniformly in all directions. The conversion of the vesicle membrane 
to a mechanical function would almost necessarily preclude continua- 
tion of a protective function, for even if the membrane were not se- 
riously torn on snapping the mass into the air, it could hardly escape 
being badly ruptured on striking at the end of its flight. The note- 
worthy feature that zoospores are regularly formed from the proto- 
plasmic mass in an entirely naked condition could therefore be inter- 
preted as a further adaptation consequent to the abandonment by the 
vesicle membrane of a protective in favor of a mechanical function. 

Like Pythium diacarpum, Pythiogeton utriforme, Pythiogeton transver- 
sum and Pythiogeton ramosum, the fungus under discussion frequently 
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shows proliferation of a secondary sporangium within the empty enve- 
lope of a primary one (Fig. 3, D; Fig. 5, E, F). The evacuation tube 
of the secondary sporangium usually finds its way through that of the 
primary one, though instances in which the wall of the primary spo- 
rangium or its evacuation tube is perforated to permit egress are not of 
rare occurrence. Such perforation is, of course, somewhat more fre- 
quent when the evacuation tube of the primary sporangium is of con- 
siderable length. 

In this connection it may be pointed out that von Minden’s assertion 
to the effect that evacuation tubes comparable in length with the tubes 
produced by his three species of Pythiogeton, did not occur in the genus 
Pythium, would seem to stand in need of revision. In some species of 
Pythium with mostly filamentous sporangia, as, for example, Pythiwm 
complens, evacuation tubes measuring 0.5 mm. or more, are readily 
encountered. To be sure when Pythium complens is cultivated under 
aquatic conditions, so that the sporangium, except for scattered dis- 
crete lobulations, consist of outwardly undifferentiated filaments, the 
evacuation tube below the expanded terminal part is not easily distin- 
guished as a special element. When, however, the same fungus is 
first cultivated on relatively dry substrata like the agar media usually 
employed, so that in the course of time massive lobulate complexes 
are formed, and subsequently aquatic conditions are provided through 
suitable irrigation, the evacuation tubes then produced, which naturally 
are clearly differentiated from the massive complexes from which they 
arise, often include among shorter ones, many measuring between 100 
and 5004 inlength. Evacuation tubes of comparable lengths are to be 
seen in abundance in irrigated preparations of Pythium periplocum 
Drechsl., having their origins here also in massive lobulate complexes. 

Although a relatively bulky sporangial body may be regarded as one 
of the requirements for the production of a markedly long evacuation 
tube, it is not to be assumed that the length of the latter structure is 
determined solely by the mass of underlying living material. The 
evacuation tubes shown in von Minden’s figures of his species of Pythio- 
geton are certainly not remarkable for length. In preparations of 
Pythium complens and Pythium periplocum short as well as long tubes 
are to be found. The essential utility of the evacuation tube in the 
Pythiaceae generally, through which, in large part, length and in some 
species position of origin are governed, is perhaps best revealed when 
forms are considered in which the structure in question is regularly 
absent. 

Among such Pythiaceous forms are to be numbered all the known 











438 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 22, No. 15 





members of the genus Phytophthora. In these plants the sporangia 
never give rise to any well-defined cylindrical outgrowth by way of 
which the zoospores, fully fashioned, are allowed to escape, the distal 
protrusion occurring occasionally in the parasite described by me (13) 
under the name Phytophthora megasperma representing perhaps as close 
an approach to such an outgrowth as the genus provides. The refrac- 
tive, often somewhat expanded cap surmounting the evacuation tube in 
species of Pythium, and through the yielding of which the contents are 
enabled to pass out of the sporangium, here finds its homologue in the 
gelatinized apical portion of the sporangial wall itself. Where, as in 
some species, this gelatinized part is relatively thick and of small ex- 
tent, it protrudes from the sporangium as a definite papilla; where, on 
the other hand, it is of greater extent and not markedly thickened, the 
outward contour is not locally modified. In any case the zoospores are 
regularly fashioned within the sporangium to be liberated from the 
aperture left by the yielding of sessile papilla or homologous non- 
protruding apical part. In the laboratory, as has been pointed out 
earlier (11), zoosporangia of such amphibious species as Phytophthora 
citrophthora (Sm. and Sm.) Leon. and Phytophthora erythroseptica 
Pethyb. are, on the whole, produced in much greater number and 
zoospore production is subject to fewer mishaps when mycelium, in- 
stead of being flooded under excessive water, is kept rather sparingly 
irrigated. The uncounted number of sporangia then often brought 
forth very promptly, are readily seen to be localized, for the most part, 
in the layer in which air and water are both intimately available. 
This positional relationship is made possible evidently by the elonga- 
tion of the very slender sporangiferous extramatrical hyphae to such 
lengths as the circumstances may require. In other words, associated 
with the absence of an evacuation tube, and the consequent necessity 
of having the sporangium at the very outset placed in a position where 
the requirements for water and air are alike provided, the slender 
hyphae keep on growing out until the necessary combination of condi- 
tions are encountered, their small diameter, usually measuring about 
2 u, permitting of such lengthening with obvious economy of material. 
The more nearly spherical, thick-walled resting sporangia or chlamydo- 
spores produced in addition to the ellipsoidal sporangia in such species 
as Phytophthora parasitica Dastur, though evidently morphologically 
homologous, betray their distinctive character not only by positive 
adaptation for delayed germination expressed in shape and in thick- 
ness of wall, but also by habitual maladjustment for immediate ger- 
mination implied in deeply submerged position, in intramatrical origin 
and in frequently intercalary hyphal relationship. 
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Pythium anandrum Drechsl. presents in its sporangium and spo- 
rangiferous hyphae remarkable similarity to the genus Phytophthora. 
The sporangium of this fungus is similarly ellipsoidal, and dehiscence 
whenever observed has been found to be effected by means of a well 
defined, entirely sessile, apical papilla, though in some cases an apical 
outgrowth was found suggesting an evacuation tube in appearance. 
As zoospore formation takes place in a sessile vesicle, and therefore in 
immediate proximity to the sporangium, the circumstances under 
which it proceeds is determined here hardly less definitely by the posi- 
tion of the sporangium than in species of Phytophthora; and as might 
be expected, the sporangium is similarly borne terminally on a slender, 
mostly unbranched, extramatrical hypha often several millimeters in 
length. 

A condition more or less transitional with respect to the importance 
of the sporangiferous hyphae between that found in Pythium anandrum 
on the one hand, and that prevailing among the generality of conge- 
neric species with subspherical sporangia on the other, would seem to be 
represented in the members of the helicoides series described by me 
earlier, Pythiwm helicoides, Pythium oedochilum, Pythium polytylum and 
Pythium palingenes. In these species the sporangium, ovoid, obovoid, 
ellipsoidal or subspherical in shape, is again, for the most part, borne 
terminally on a delicate extramatrical hypha, simple or only sparingly 
branching, and of variable, often very considerable length. Dehis- 
cence is effected here often through the yielding of a hyaline cap sur- 
mounting an apical evacuation tube so short that a sessile papilla is 
closely approximated, but in other instances an evacuation tube of 
greater length is produced mostly from the apex of the sporangium, but 
also, especially after frustration of an apical tube, from any other part. 
Presumably the sporangiferous hypha functions here in the same way 
as in Phytophthora or in Pythium anandrum, though apparently not 
always with equal finality. Entirely similar relationships naturally 
are associated with sporangial development in the Pythium proliferum 

of Dissmann (9) and the Pythiomorpha gonapodioides of Kanouse (16), 
both evidently to be included in the helicoides series; and would seem to 
obtain also in some congeneric species of less certain immediate affini- 
ties, as, for example, the Pythium proliferum of DeBary, of Butler and 
of Matthews (19), and the Pythium undulatum of Petersen (22) and of 
Dissmann. 
In the generality of species of Pythium with subspherical sporangia, 
the latter structures are borne in a more promiscuous manner, occuring 
rather indiscriminately as intercalary, laterally intercalary, lateral or 











440 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 22, No. 15 


terminal bodies on hyphae not differentiated from the vegetative fila- 
ments either in diameter or in frequency of branching. Under condi- 
tions suitable for immediate production of zoospores, no precise posi- 
tional relationship to water and air prevails. In “ie absence of such 
conditions, just as in the case of Pythium complens already referred to, 
sporangia may nevertheless be formed in quantity. In either case, 
zoospore production entails the development of an evacuation tube, 
indeterminate with regard to place of origin, to direction, and within 
the limits imposed by the size of the sporangium, to length. Obviously, 
the function of seeking out a suitable locus for zoospore formation 
presumes a certain degree of adaptability, whether the element per- 
forming this function is a sporangiferous hypha or an evacuation tube. 
With respect to their relationships to supporting hyphae and evacua- 
tion tubes the temporary sporangia produced by the American species 
of Pythiogeton under consideration invite comparison with the spo- 
rangia of such species as Pythium helicoides in some particulars, and 
with those of such forms as Pythium complens in others. The spo- 
rangiferous filaments are for the most part narrow, though because of 
the small diameter of many of the intramatrical hyphae, their degree 
of differentiation is not. pronounced. In length these filaments show 
considerable variation, yet, nevertheless, so do also the evacuation 
tubes (Fig. 4, G-L; Fig. 5). In some instances the evacuation tube 
grows to a length of several hundred microns, manifestly without 
encountering conditions permitting it to function. Under such cir- 
cumstances, a septum may be inserted some distance from the spo- 
rangium, while the proximal part puts forth a lateral branch through 
which evacuation subsequently takes place. Indeed, as is shown in 
Figure 3, C, a second branching of the evacuation tube may occur 
before the final element has occasion to fulfil its function; or the later 
branch or branches may be produced without any septum making its 
appearance anywhere in the parent evacuation hypha (Fig. 5, B, C). 
In the proliferation of a secondary sporangium within or from within 
a primary one, the fungus isolated from leaves of cat-tail, like the three 
species described by von Minden and like Pythtum diacarpum, shares a 
feature exhibited also in the various groups of the Pythiaceae, in which, 
as has been set forth, the sporangia are frequently, if not regularly, 
terminal on slender filaments, and discharge always or at least in large 
part, by means of an apical papilla or an apical evacuation tube. As 
proliferation enables a number of sporangia to be produced in place of 
one, often at a considerable distance from the vegetative mycelium 
in which the frequently long sporangiferous hypha has its origin, an 
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economy of material in addition to that accruing from the slenderness 
of the hypha is made possible. DeBary in his discussion (3) of Pyth- 
ium proliferum, early pointed out that proliferation of a secondary 
sporangium within or from within an evacuated primary one, was 
essentially similar to the production of a second sporangium either 
immediately beneath the basal septum setting off the first, or at some 
distance on a prolongation of the supporting hypha. Butler later dis- 
cussed more fully the similarity between subsporangial branching and 
proliferation, stating that subsporangial branching “‘is especially to be 
expected where growth is vigorous, but conditions are not such as to 
favor zoospore formation.’”’ Now one of the chief differences between 
a terrestrial and an aquatic habitat is that in the former, conditions 
suitable for mycelial growth and for production of sporangia are natu- 
rally much less frequently concomitant with conditions suitable for 
zoospore formation, in which process sporangial dehiscence is necessa- 
rily entailed, than in the latter. Therefore, if allowance is made for the 
developmental adaptation appropriate for this lack of concomitance, 
and for an additional adaptation in ready detachability of sporangia—an 
adaptation for dispersal by such atmospheric agencies as wind or mov- 
ing rain water—it becomes apparent that a nested or serial arrange- 
ment of sporangial envelopes on a single axial filament constitutes the 
aquatic counterpart of the spicate arrangement revealed by the more 
nearly terrestrial or even foliicolous forms, as, for example, Phytoph- 
thora infestans (Mont.) DeBary and the species usually designated as 
Phytophthora cactorum (Cohn and Leb.) Schroet. 

When the fungus from decaying cat-tail tissue is cultivated on agar 
substrata some temporary sporangia of typical bursiform shape may 
be produced, these making their appearance most often on the surface 
of the culture, and there preferably in places where small quantities of 
free liquid water, as, for example, droplets of water of condensation, 
are available. Ordinarily, however, the reproductive bodies pro- 
duced within and on the surface of substantially dry substrata or mod- 
erately hard agar media, or, for that matter, in liquid media containing 
plenty of food material in which a mycelium has been left growing un- 
disturbed for a week or more, are of approximately spherical shape 
(Fig. 1,C; Fig. 4, A-D). They exhibit the various kinds of attachment 
shown by the temporary sporangia, though, as might be expected, they 
are more often borne on relatively short hyphal branches. With 
regard to size they show, especially when formed in large numbers, an 
approach to uniformity that may be held to indicate some degree of 
representativeness of the morphology of the species. Measurements 
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of the diameter of 100 of the spherical bodies, produced on string-bean 
agar (decoction of 500 grams green pods of Phaseolus vulgaris L., 20 
grams agar-agar, with water sufficient to make up to 1 liter) and se- 
lected at random 15 days after planting yielded values expressed to the 
nearest micron as follows: 32y, 1; 33y, 3; 34u, 4; 35, 1; 36u, 6; 37u, 9; 
38 pu, 10; 39 nu, 10; 40n, 11; 4l1y, 10; 42u, 8; 43 y, 5; 44u, 8; 45un, 2; 46u, 6; 
48u, 2;49u, 2;50u, 1;51lyu, 1. From these values an average of 40.44 
was computed. 

Although the typically bursiform sporangia, as also the typically 
subspherical structures, can sometimes be found with very little ad- 
mixture of one another, the two kinds of reproductive bodies more often 
appear side by side in variable proportions. Ordinarily, too, inter- 
gradations of all sorts can be observed. Therefore little doubt can be 
entertained that the two types of bodies are homologous structures. 
They are, for the most part, also similar in function, for when the 
subspherical bodies are put in water within several weeks or often 
even within two or three months after being formed, zoospores are 
produced following developmental processes entirely similar to those 
described for the bursiform bodies. The two types differ, however, 
with respect to longevity, since the bursiform sporangia can not very 
readily be kept alive for a period of more than two or three weeks, 
whereas the globose bodies frequently show after three months a 
vitality little impaired except for an increasing tendency from zoospore 
formation toward vegetative germination. A parallelism to the bodies 
concerned in the asexual reproduction of the fungus I described in an 
earlier paper (10) as Plectospira gemmifera is easily recognizable. For 
manifestly the bursiform sporangia, like the complexes of inflated 
elements in the Saprolegniaceous fungus, are essentially short-lived 
structures generally formed under conditions suitable for immediate 
production of zoospores; whereas the subspherical bodies are long-lived 
structures generally formed under conditions little suitable for imme- 
diate production of zoospores. 

As the subspherical sporangium becomes older, a central vacuole or 
reserve globule becomes larger and larger, until after several months 
the granular protoplasm is reduced to a relatively thin parietal layer 
(Fig. 4, E, F). It appears probable that some increase in thickness of 
the enveloping wall also takes place, as after evacuation, the empty 
membrane of an older sporangium (Fig. 4, G, H) shows somewhat less 
relaxation than that of a younger one. Whether the responsibility of 
conserving the fungus during unfavorable periods devolves entirely 
upon the globose sporangia is not known, though certainly oospores 
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have not hitherto been found in any cultures either mixed or pure, in 
spite of the varied substrata and the varied cultural conditions that 
have been brought into play. 

The persistent failure of the fungus under consideration to form sex- 
ual organs may perhaps indicate a difference of taxonomic import sep- 
arating it from Pythiogeton utriforme and Pythiogeton transversum. 
However, among aquatic fungi including those of indubitably homo- 
thallic nature, strains to be recognized as unquestionably conspecific, 
nevertheless often show marked differences in regard to the readiness 
with which the sexual reproductive stage can be induced. Nor is it to 
be forgotten that von Minden harbored misgivings concerning the 
actual association of the two sorts of sexual apparatus observed by him 
in gross cultures with the sporangium-bearing species to which he some- 
what provisionally assigned them. Indeed, some misgivings might 
even be entertained concerning the sexual character of the structures 
which von Minden presented as oogonium, antheridium and oospore 
of Pythiogeton utriforme. For the fusion of oospore wall with oogonial 
wall necessarily brings into the question the morphological separate- 
ness of the two; the antheridium as figured shows neither the shape 
nor the relative size usual for male organs; and the ripe oospore be- 
sides being surrounded by a wall which in respect to thickness is most 
extraordinary, would not seem to reveal in its contents any type of 
organization recognized as distinctive of oospores. However these dis- 
turbing considerations are far from being decisive. The unusually 
thick oospore wall, the massiveness of which would be elsewhere, and 
perhaps even here is interpretable as the result of gelatinous swelling 
accompanying degeneration of the contained protoplast, is at any rate 
found also in the unambiguously sexual apparatus attributed to the 
congeneric Pythiogeton transversum. In Pythium complens and even 
more in Pythium salpingophorum and Pythium papillatum Matth. (18), 
the oogonial envelope is extensively fused with the oospore wall; yet in 
spite of such fusion, and in spite moreover, of the absence of any anthe- 
ridia in Pythium papillatum and the usual absence of male organs in 
Pythium salpingophorum, the presence of authentic oospores or of 
homologous parthenospores in these species is sufficiently attested 
in an internal organization revealing unmistakably a central reserve 
globule, a parietal protoplasmic layer and an imbedded refringent body, 
in addition to an external wall of moderate, not excessive, thickness. 

It may be noted in this connection that the fusion of oogonial and 
oospore walls apparent in the three fungi last mentioned, while not as 
thoroughgoing as in the sexual apparatus ascribed to Pythiogeton utri- 














444 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 22, No. 15 


forme, nevertheless abates very considerably the foreignness to the 
genus Pythium which von Minden imputed to this feature. Similarly 
the involvement of the filament bearing one of the sexual organs by the 
filament bearing the other is certainly no longer unknown among 
species of Pythium. Indeed such involvement might very probably 
have been discovered in the latter genus much earlier, but for optical 
difficulties, which today, with transparent artificial substrata and 
greatly improved equipment, can at least in some instances be more 
successfully overcome. Thus in favorable preparations of the fungus 
described by Braun (5) under the binomial Pythium complectens, but 
which almost certainly must have been the same as that from which 
DeBary earlier drew at least one of the figures (3: pl. 5, fig. 4) illustrat- 
ing the sexual apparatus of his Pythium vexans,-the antheridial branch 
can be seen to pass around the oogonial stalk usually to the extent of a 
half turn, or of a whole turn. In Pythium periilum Drechsl. branching 
prolongations of the antheridial hypha are often wrapped for several 
turns about the oogonial hypha. Recently Vanterpool and Truscott 
(26) described a fungus under the binomial Pythiwm volutum, the 
antheridial hyphae of which are stated to coil commonly around the 
oogonial stalk, or less frequently around an adjacent hypha. To be 
sure in these various species, the involvement found would seem 
scarcely comparable with that described and figured for Pythiogeton 
transversum, being neither constant in occurrence, nor especially regular 
in a geometrical sense. In Pythium helicoides, however, involvement 
of the oogonial hypha by a filamentous element having a close mycelial 
relationship to one of the male organs is both regular in occurrence and 
of conspicuous geometrical symmetry ; and similar helicoid inwrapment 
occurs, though with less constancy, in all the immediately related 
species of which I have seen any sexual apparatus at all. It is not 
improbable, therefore, that when the mycelial relationships of the sex- 
ual organs of the fungus discussed by Kanouse under the name Pythio- 
morpha gonapodioides are better known, the same sort of coiling will be 
recognized among the morphological features of that form. In that 
event Kniep’s (17) characterization of the antheridial branches found 
in Pythiomorpha together presumably with those of Pythiogeton as 
“den Oogonstiel oft spiralig umschlingende Schlauche,’’—a characteri- 
zation to be explained most plausibly perhaps as the result of a misun- 
derstanding of Kanouse’s statement that ‘The antheridial branch 
winds about the oogonium,’’—would receive factual confirmation to the 
extent to which Kanouse’s fungus might be held to be representative of 
Pythtomorpha. 
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For such representativeness neither the original application nor most 
subsequent usage offers much support. The irregular intramatrical 
hyphae and the emission of ready-fashioned zoospores from the sporan- 
gia, ascribed by Petersen to the fungus on which the genus in question 
was based, points rather definitely to a species of Phytophthora with a 
proliferating habit. Because of the same considerations, supported 
besides by additional similarity suggested in the application of the an- 
theridium near the base of the oogonium, von Minden’s account of his 
Pythiomorpha gonapodioides likewise indicates, and with even greater 
probability, a proliferous species of Phytophthora. Similarly prolife- 
rous species of Phytophthora would seem to be represented also in the 
fungi newly described by Ito and Nagai under the binomials Pythio- 
morpha miyabeana and Pythiomorpha oryzae, the ostensibly intercalary 
“‘gemmae”’ of which show unmistakable general resemblance to the pro- 
miscuously vegetatively proliferous bodies apparently interpretable as 
sporangia of frustrated development, that are often formed terminally 
on extramatrical hyphae in various species of Phytophthora, as, for 
example, in notable abundance in the American pink-rot fungus to 
which reference was made in an earlier paper (11) as Phytophthora 
erythroseptica, and which later was described by Tucker (25). as an 
independent species under the binomial Phytophthora drechsleri. 
Owing to the absence of sexual structures, and to the somewhat incon- 
stant and often rather rudimentary development of the evacuation 
tube, the immediate affinities of Pythtum undulatum which Apinis (1) 
transferred to Pythiomorpha remain much more conjectural. If it 
be assumed—what there is much reason to doubt—that the Pythi- 
aceous plants dealt with by the several authors under the specific term 
undulatum were, indeed, all conspecific, articulation with such more 
exceptional proliferous types as Pythium anandrum, or Pythium pro- 
liferum or even Pythium megalacanthum may be as well within the 
realm of possibility as membership in the helicoides series or in Phytoph- 
thora. In any case it is apparent that representatives of at least 
two groups of Pythiaceous fungi, separated by very obvious differences 
in their more distinctive antheridial relationships and in oospore 
structure, have been assigned to Pythiomorpha; and of the two only the 
one less frequently, and apparently also less correctly, thus assigned 
would conform to the characterization by Kniep relative to the coiling 
of antheridial filaments in the manner illustrated presumptively in 
Pythiogeton transversum. It is to be noted, moreover, that in all 
species of Pythiwm in which involvement has been observed, the anthe- 
ridial branch winds about the oogonial hypha, whereas in Pythiogeton 
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transversum, according to von Minden’s account, the reverse condition 
is the one more abundantly represented, the prevailing relationship 
being therefore more comparable to that occurring in various species of 
Aphanomyces, as, for example, in A. camptostylus Drechsl., in A. clado- 
gamus Drechsl., and in the form from pansy roots which Meurs (21) 
designated, though evidently somewhat unhappily, as A. euleiches 
P.F. 2. 

Although appearance of the antheridium at a very early stage in the 
development of the oogonium, held by von Minden to be a distinctive 
feature of the genus Pythiogeton, is not frequent among species of Pyth- 
ium, approximately equally early development of the male organs is to 
be observed in the two species described by me (12) under the names 
Pythium polymastum and Pythium mastophorum. Early appearance 
of the antheridium is to be noticed also in cultures of the closely related 
fungus that Buisman (6) and later Diddens (8) found occurring on 
flax roots in Holland and discussed under the binomial Pythium 
megalacanthum. 

Evidently then some of the features which von Minden considered as 
distinguishing Pythiogeton from Pythium are in reality not altogether 
foreign to the latter genus. Yet after making allowance for the similar- 
ities to one or another of the various series of forms included in Pythium, 
the fungi assigned to Pythiogeton present in common such a degree of 
distinctiveness that continued maintenance of the separate genus for 
them seems altogether appropriate. However, disposition of the fun- 
gus isolated from decaying cat-tail material to a place within this genus 
is in some degree, a matter of conjecture. The uncertainty surround- 
ing such disposition is due mainly to the fact that von Minden direeted 
his attention more to features pertaining to the genus than to the pecu- 
liarities marking each of the several species. Indeed, it is probable 
that in the water cultures employed by him the sort of peculiarities 
that contribute largely to the individuality of a species may not have 
been well expressed. The problematical taxonomic import attaching 
to the greater width of the vegetative hyphae found in cultures of the 
present fungus, and to the absence of a sexual stage, has already been 
discussed. Significant differences from the description of Pythiogeton 
utriforme can perhaps be read into the frequent production of an inter- 
calary sporangium a very short distance from the tip of the supporting 
hypha, as well as into the much shorter period of motility of the 
zoospores, though ordinarily such details would not impress one as 
especially decisive, The smaller dimensions of the sporangium and the 
inferior length of the distal hyphal appendage, when an appendage is 





Law 2 - i. ot. an ae, a a a ee 


ors =: 


SEPTEMBER 19, 1932 DRECHSLER: A SPECIES OF PYTHIOGETON 447 


present, would seem to indicate somewhat more definitely that the fun- 
gus under consideration is not to be identified as Pythiogeton transver- 
sum. Even when sporangia are borne in dense arrangement or in heaped 
masses (Fig. 1, B, a), no conspicuous branching of stout sporangiferous 
hyphae, such as was set forth in von Minden’s description of Pythio- 
geton ramosum, is to be observed. The sporangia of Sparrow’s Pythio- 
geton ramosum, generally measuring, according to the description of 
that author, 60 in length and 20y in greatest transverse diameter, are 
evidently considerably smaller than those of the fungus in question; 
and similar inferiority in size is to be inferred with respect to the sub- 
spherical sporangia of Pythium diacarpum which Butler described 
as having a diameter of about 30u. That the fungus in question is 
different from any of the forms originally described as species of Pythio- 
geton or presumed to be referable to that genus certainly can not be at 
all strongly asserted. Yet, on the other hand, to assert an identity 
with any one of these forms would be even more difficult, as such asser- 
tion would entail outright contradiction of some part of the very 
limited body of diagnostic detail contained in the descriptions. The 
fungus is therefore described here, somewhat reluctantly, as a new 
species. 


Pythiogeton autossytum sp. nov. 


Intramatrical mycelium composed of hyphae branching mostly at rather 
wide angles and at moderate intervals, measuring 1.6 to 7.04 in diameter, 
each element maintaining usually a nearly uniform width from origin to tip, 
the wider axial hyphae of straightforward course, the shorter branches 
usually with somewhat abrupt changes in direction, and often bearing ap- 
pressoria in groups of 5 to 10 or more; the individual appressorium distended 
clavate, mostly 10 to 13u in diameter and 20 to 30, in length, after functional 
frustration often growing out into irregular processes of somewhat crescentic 
parts. Under aquatic condition extramatrical mycelium rather meager. 
Aerial mycelium on dry substrata generally meager, arachnoid, yet often 
spreading rather extensively over surfaces of adjacent bodies. 

Sporangium terminal or intercalary, when intercalary mostly borne only a 
short distance from the tip of the supporting filament, the distal element 
mostly 3 to 30u in length remaining as an empty appendage; when produced 
under conditions suitable for zoospore production sometimes subspherical or 
ellipsoidal, but more often markedly ventricose, utriform, or bursiform, with 
the expanded part free and its axis directed athwart the axis of supporting 
hypha, or occasionally bilocular as through fusion of two parts, either of 
which may be subspherical or bursiform; measuring 16 to 226u, mostly 50 to 
150u (average 96u) in length and 13 to 68u, mostly 30 to 54y (average 42y) 
in greatest diameter; when formed under conditions unsuitable for zoospore 
formation, mostly subspherical measuring usually 32 to 5ly (average 40.4y) 
in diameter. Evacuation tube arising often from position opposite attach- 
ment of supporting filament and directed in approximate alignment with 
that filament, but at other times originating from other positions; measuring 
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mostly 3.5 to 7.0u (average between 5.5 and 6.0u) in diameter, and 5 to 300u 
in length; in cases of frustration often becoming septate, and discharging 
from a branch. Zoospores formed ,up to approximately 100 from a single 
sporangium, broadly reniform, the longitudinal furrow bearing the two cilia 
well-marked, the forward end more pointed than the rounded rear end, meas- 
uring mostly 18 to 20u in length and 11 to 13y in width in motile state; after 
rounding up measuring mostly 13 to 17y (average 15u) in diameter; germinat- 
ing individually by the production of 1 to 4 delicate germ tubes, or giving 
rise to a secondary zoospore after proliferating an evacuation tube approxi- 
mately 2u in diameter, and 2 to 27,y in length. 

Isolated from dying and decaying leaves of Typha latifolia L. collected near 
Port Clinton, Ohio, October, 1931. 


Mycelium ramosum, hyphis 1.6—7.0u crassis. Zoosporangia terminalia 
et intercalaria globosa vel ellipsoidea plerumque 31—5lyu (media circ. 40u) 
diam., aut saepe elongato-ovoidea et in hyphis transverse et inaequaliter 
disposita, interdum biloba, 16—226u saepius 50—150u (media circ. 96.) 
longa, 13—68y saepius 30—54y (media cire. 42u) lata. Zoosporae majuscu- 
lae, maturitate plerumque 13—17y diam. Oogonia et oosporae ignotae. 

Hab. in foliis morientibus Typhae latifoliae, Port Clinton, Ohio. 
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ENTOMOLOGY.—Strategus simson L. and related West Indian 
species (Coleoptera: Scarabaeidae).1 Epwarp A. Cuapin, Bureau 
of Entomology. (Communicated by Harotp Morrison.) 


In connection with a taxonomic study of the Cuban Dynastinae, all 
available material of the supposed species Strategus titanus (Fab.) was 
examined. This “species” is found on various islands of the West 
Indies, the 163 specimens at hand coming from Jamaica, Cuba, Santo 
Domingo, Navassa, Porto Rico, and St. Croix. Each of the four major 
islands of this list supports a form which differs consistently from the 
others in certain external characteristics and in the conformation of the 
aedeagus. A single specimen from Navassa, the only one seen, ap- 
pears to be identical with specimens of similar development from Santo 
Domingo, and a few specimens from St. Croix are like corresponding 
individuals from Porto Rico. One specimen, a female, from near Jean 
Rabal, Haiti, certainly belongs to the Cuban species and not to the 
native; its presence in Haiti is evidence of the shifting of species by 
commerce or by some natural agency. 

Up to the present, five names have been proposed in this group. 
These are given below in chronological order of their publication and 
an effort has been made to apply them to one or another of the species 
recognized here as distinct. 

1 Received June 8, 1932. 
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Scarabaeus simson L., 1758.—This species was based solely on the works 
relating to the Jamaican fauna of Sloane? and of Browne, in which works the 
insect is passably figured. There can be no argument against the acceptance 
of this name for the Jamaican species. 

Scarabaeus eurytus Fab., 1775.—This name is said to be based on a female 
specimen from the Hunter Collection and is accompanied by a description 
too inadequate to insure recognition. The type specimen, now at Glasgow, 
has been reexamined, and is a small male. The species is considered by 
R. A. Staig, 1931, as a synonym of S. titanus Fab. 

Scarabaeus titanus Fab., 1775.—For some reason not evident to the present 
writer, Fabricius transferred the Linnean name, S. simson, to an Indian 
(East or West ?) species said to be related to S. acteon L. and established 
the new name ftitanus for the Jamaican species, citing the volumes of Drury 
and Sloane. As Drury had already adopted the Linnean name in his work, 
and as the Sloane citation by Fabricius is identical with the Sloane citation 
by Linnaeus 1758, and as Drury’s figure evidently refers to the Jamaican 
species, this Fabrician name must drop into synonymy under S. simson L. 

Scarabaeus aenobarbus Fab., 1775.—Again it appears impossible to identify 
this species from the description. The type is in the Hunter collection and in 
1792 Fabricius himself merged this species with S. eurytus Fab. Olivier has 
included Jamaican specimens under this name and it appears that he con- 
sidered Fabricius’s specimen a small male of S. simson L. An examination 
of the type has been made by R. A. Staig, 1931, and he places this name in the 
synonymy of S. titanus Fab. 

Scarabaeus ajax Oliv., 1789.—The locality whence came the type of this 
species was not known to Olivier but an examination of his published figure 
leaves no doubt in the writer’s mind that Olivier was dealing with the Cuban 
form. The development of the anterior thoracic horn as portrayed is typical 
of this species only. 

Thus there are two names, simson and ajaz, available for two of the four 
species now before the writer, and these four may be distinguished in the 
following manner. 


KEY TO MALES 


1. Posterior margin of sixth abdominal sternite set with multiple rows of 
long, gently curved, contiguous hairs; lateral lobes of aedeagus each 
without angular prominence on outer margin near apex (Figures 
See ee eee barbigerus n. sp. 

Posterior margin of sixth sternite set with a single, or at most a double, 
row of long, straight hairs, which are spaced by at least their own 
diameters; lateral lobes of aedeagus each with a more or less well 
developed angular prominence on outer margin near apex........ 2 

2. Discal portion of eiytra without ocellate punctures; in specimens of major 
development the anterior median horn widened and rather deeply 
forked at apex, and the posterior lateral horns long and slender 
(aedeagus as in Figure 1); Jamaica.... ............... simson L. 


? For complete citations, see under respective species below. 
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Discal portion of elytra with more or less regular rows of ocellate punc- 
tures; anterior median horn never strongly widened or deeply forked 

at apex, posterior lateral horns never long and slender............ 3 

3. Lateral margin of each lobe of aedeagus extended near apex in a spiniform 
process (Figures 2, 3); males of major development not seen, possibly 
absent; anterior median horn of pronotum slender; Santo Domingo, 
EG re Home BTL a PORES RS Sy Pe laterispinus n. sp. 
Lateral margin of each lobe of aedeagus not extended in a spiniform 
process (Figure 4); males of major development frequent; anterior 
median horn of pronotum usually stout and parallel-sided; Cuba 
(introduced on Santo Domingo).....................45- ajax Oliv. 


KEY TO FEMALES 
1. Diseal portion of elytra without ocellate punctures (pygidium as in 


SN DS ict is tidal gnc eco neh ae cae Ws os eis ak bib Sie ba simson L. 
Discal portion of elytra with at least two, sometimes with several, in- 
complete rows of ocellate punctures.....................0000eee 2 


2. Pygidium not strongly protuberant at middle (Figure 10) and not over- 
hanging the apical margin of the sclerite, its apical portion sparsely 
MN ch « 0s bic bode ah ad a oa Saketk eae barbigerus n. sp. 

Pygidium strongly protuberant at middle (Figures 8, 9), overhanging the 
apical margin of the sclerite, its entire surface densely punctured or 
ne re ee laterispinus n. sp. and ajax Oliv. 


DESCRIPTION OF SPECIES 


The four species described below have the following characteristics in 
common. 


Size large to very large, from 24 to 42 mm. (exclusive of horn), form robust, 
sides subparallel, apical half of elytra broadly rounded, color castaneous to 
piceous-black, vestiture of pygidium and underparts ferrugineous. Head 
subtriangular, apex of clypeus truncate and reflexed in male, minutely bi- 
dentate in female, clypeofrontal suture bearing two small, widely separated 
tubercles. Pronotum polished, finely margined and finely to coarsely sculp- 
tured just inside marginal bead, with an anterior median excavation which, 
in the male, is bounded posterolaterally by two more or less well-developed 
horns or bosses, anterior margin of male prolonged at middle in a horn, the 
apex of which is usually notched. Elytra dull, alutaceous. Propygidium 
with a median series of coarse stridulatory ridges. Pygidium of male strongly 
convex, of female from nearly vertical to strongly convex. Posterior margin 
of sixth sternite of male broadly truncate to emarginate. Anterior tibia 
quadri- (rarely tri-) dentate, anterior tarsus about as long as anterior tibia. 
Middle and posterior tibiae each with two well-developed oblique setigerous 
ridges, apex of middle tibia with two nearly equal acutely triangular digita- 
tions, posterior tibia with three unequal digitations, the middle always the 
smallest. 


In the descriptions which follow, it is to be understood that there is nc 
definite line of demarcation between major and minor forms in the male sex. 
In each case, the extremes of variation have been described. 

STRATEGUS SIMSON (Linnaeus) 


Scarabaeus major niger tricornis Sloane, 1725, Voyage Jamaica, Vol. 2, p. 
205, Pl. 237, Figs. 4, 5. 
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Fig. 1.—Apical view of aedeagus of S. simson (L.), Jamaica.—Fig. 2.—Apical view 
of aedeagus of S. laterispinus n. sp., Santo Domingo.—Fig. 3.—Apical view of aedeagus 
of S. laterispinus n. sp., Navassa I.—Fig. 4.—Apical view of aedeagus of S. ajax (Oliv.), 
Cuba.—Figure 5.—Apical view of aedeagus of S. barbigerus n. sp., Porto Rico.—Figure 
6.—Apical view of aedeagus of S. barbigerus n. sp., St. Croix.—Figure 7.—Profile of 
pygidium of female of S. simson (L.), Jamaica.—Figure 8.—Profile of pygidium of 
female of S. ajax (Oliv.), Cuba.—Figure 9.—Profile of pygidium of female of S. lateri- 
spinus, n. sp., Santo Domingo.—Figure 10.—Profile of pygidium of female of S. barbi- 
gerus n. sp., Porto Rico. 
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Scarabaeus 4 Browne, 1756, History Jamaica, p. 428, Pl. 43, Fig. 6 (work 

not seen, citation taken from Linnaeus 1758). 

a simson Linnaeus, 1758, Syst. Nat., Ed. 10, p. 345 (above works 
cited). 

Scarabaeus simson Drury, 1770, Illust. Ins., Vol. 1, Pl. 36, Figs. 3, 4. 

Scarabaeus titanus Fabricius, 1775, Syst. Ent., Vol. 1, p. 10 (cites Sloane, 
and Drury). 

Scarabaeus aenobarbus Fabricius, 1775, Syst. Ent., Vol. 1, p. 10. 

Scarabaeus eurytus Fabricius, 1787, Mant. Ins., Vol. 1, p. 5. 

Scarabaeus aenoburbns Fabricius, 1787, Mant. Ins., Vol. 1, p. 6 (misprint). 

Scarabaeus 4 (Scarabaeus simson on plate), Browne, 1789, History Jamaica, 

p. 428, Pl. 43, Fig. 6 (apparently identical with Browne, 1756, except for 

addition of Linnaean name on plate). 

Scarabaeus titanus Olivier, 1789, Ent., Vol. 1, Pt. 3, p. 26, Pl. 5, Fig. 38. 
Strategus titanus Burmeister, 1847, Handb. Ent., Vol. 5, p. 136 (pars). 
Scarabaeus titanus Staig, 1931, Fabrician Types Ins. Hunter Colln., Coleopt., 

Pt. 1, pp. 80-83, Pl. 24. 

Pronotum. Male, major development: Anterior horn about twice as long 
as diameter of head across eyes, rectangular in cross section near base, upper 
lateral margins finely but distinctly beaded, dorsal surface with but a faint 
trace of median carina, sides divergent anteriorly so that extreme apex is 
about twice as wide as narrowest part, apex deeply, triangularly notched, the 
points on either side of the emargination acute. Posterior lateral horns 
elongate, compressed, each nearly as long as anterior horn, with sides con- 
vergent to the rounded apex. Pronotal surface shining, impunctate. Male, 
minor development: Anterior horn conical, about one-third as long as di- 
ameter of head across eyes, extreme apex with a small triangular notch. 
Posterior lateral horns reduced to low bosses, each finely and rather densely 
punctured. Female: Anterior horn reduced to a minute tubercle piaced 
about twice its diameter behind the anterior margin of the pronotum, pos- 
terior lateral horns absent; behind the tubercle a circular depression whose 
diameter is from one-fourth to one-third the greatest diameter of the pro- 
notum; surface of the depression, anterior third of pronotum, and flanks 
coarsely sculptured, rest of surface finely and rather sparsely punctured. 

Elytra. Lateral margin finely beaded, sutural margin broader and set off 
from dise of elytron by a deep, crenulated groove. Surface minutely and 
moderately closely punctured, with a few coarser punctures scattered over the 
surface. No trace of longitudinal rows of punctures on dise but with two or 
three partial rows of ocellate punctures on basal half below humerus. 

Pygidium. Male: Strongly convex, basal third moderately densely clad 
with long hairs, apical margin at middle with a thickened lip which is simi- 
larly hairy. Surface sparsely and rather coarsely punctured. Female: 
Vestiture similar to that of male, contour less convex, surface more coarsely 
ee At sides, broadly and shallowly depressed along apical margin. 

igure 7. 

Last sternite. Male: Surface impunctate, apex broadly truncate, margin 
set with a single, and across truncature with a double, row of stiff hairs. 
Female: Surface strongly sculptured basally, finely and very sparsely 
punctured apically, apex not truncate, margin set with hairs as in male. 

Aedeagus, Figure 1. 

Type locality.— Jamaica. 
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Apparently a common species on the island. Thirteen males and twenty- 
five females from the following localities have been seen: Mandeville, Man- 
chester; Balaclava, St. Elizabeth; Bazon Hill, Trelauney; Kingston; Bath; 
Port Antonio; Cuna Cuna; Arntally; Snug Harbor, Montego Bay. Among 
the individuals examined, males of major development are fairly common. 
Possibly of economic interest in connection with the banana industry, as 
specimens occasionally enter this country on bunches of the fruit. 


SrraTecus aJax (Olivier) 


Scarabaeus ajax Olivier, 1789, Ent., Vol. 1, Pt. 3, p. 27, Pl. 2, Fig. 10. 
Strategus titanus Burmeister, 1847, Handb. Ent., Vol. 5, p. 136 (pars). 

Pronotum. Male, major development: Anterior horn stout, a little longer 
than diameter of head across eyes, rectangular in cross section throughout 
most of its length, upper lateral margins acute, lower lateral margins in- 
distinctly beaded, dorsal surface usually with a well defined though not acute 
carina, sides nearly parallel, apex with a shallow, triangular notch, the points 
on either side of the emargination subacute. Posterior lateral horns reduced 
to low compressed pyramidal bosses, acute at apices, with anterior (vertical) 
margins acute, posterior (horizontal) margins rounded and joined across 
dise in an even arc, which occasionally is slightly produced on the median 
line. Pronotal surface smooth, finely and sparsely punctured except in the 
excavation. Male, minor development: Anterior horn ¢onical, about half as 
long as the diameter of an eye, extreme apex minutely notched. Posterior 
lateral horns effaced. Pronotal surface distinctly and moderately densely 
punctured. Female: Similar in development to that of S. simson (L.). 

Elytra. Lateral and sutural margins much as in S. simson (L.) but with 
the subsutural groove less deep and more distinctly crenulated. Surface 
with a mixture of very minute and fine punctures, with five or six partial 
longitudinal rows of ocellate punctures on disc and with as many more below 
humerus. 

Pygidium. Similar to that of S. simson (L.) except that in the female it is 
more evenly and strongly convex. Figure 8. 

Last sternite. Male: Surface with a few fine, scattered punctures and 
with some slight sculpturing at sides near base, apex broadly, transversely 
emarginate, margin with vestiture as in S. simson (L.): Female: As in 
S. simson (L.). 

Aedeagus, Figure 4. 

Type locality.—Unknown but apparently Cuba. 


A common species over the island, associated at least occasionally with 
Agave fourcroydes Lem. Thirty males and thirty-seven females have been 
examined, coming from the following localities: Cuba: Pinar del Rio City; 
Havana—Santiago de las Vegas, Havana City; Santa Clara—Cayamas, 
Cienfuegos; Camaguey—Nuevitas, Baragua, Estrella, Jaronu; Oriente— 
Santiago de Cuba, Baracoa, Guantanamo. Santo Domingo: Haiti—Jean 
Rabal. 


Strategus laterispinus n. sp. 


Pronotum. Male, major development: No specimen at all comparable 
in development to major forms of S. simson (L.) and S. ajax (Oliv.) seen. 
Anterior horn about half as long as diameter of head across eyes, rectangular 
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in cross section, upper Jateral margins and dorsal carina subacute, lower 
lateral margins not sharply defined, sides parallel, apex with small triangular 
notch, points on either side of emargination blunt. Posterior lateral horns 
very low, each arising to a compressed, subacute apex. Pronotal surface 
finely, evenly, and sparsely punctured except in the excavation, which is im- 
punctate but usually with more or less coarse sculpture in its anterolateral 
regions. Male, minor development: Anterior horn conical, about as long 
as the diameter of an eye, evenly rounded from side to side above, subentire 
at apex. Posterior lateral horns almost effaced. Punctation and sculpture as 
above. Female: Anterior horn virtually absent, visible as a minute tubercle 
on only an occasional specimen. Anterior half of circular depression more 
coarsely sculptured than posterior, sides of pronotum likewise more coarsely 
sculptured than usual, surface otherwise finely and sparsely punctured. 

Elytra. Much as in S. ajax (Oliv.) but with ocellate punctures more 
densely placed, the rows reaching almost onto the subapical callosities and 
with the subsutural groove finer and less deep. 

Pygidium. Male: Strongly convex, basal fourth densely clad with long 
hairs, apical margin at middle with thickened lip which is sparsely clad with 
hair. Surface not polished, finely and rather indefinitely punctured, rather 
coarsely sculptured at sides. Female: Strongly convex, almost as in the 
male, coarsely punctured or sculptured over entire surface. Lateral de- 
pressions deep and moderately broad. Vestiture asin male. Figure 9. 

Last sternite. As in the corresponding sexes of S. ajax (Oliv.). 

Aedeagus, Figures 2, 3. 

Type locality.—Santo Domingo: Haiti, Manville. 

Type and five paratypes in the American Museum of Natural History, 
seven paratypes in the U. 8. National Museum, Cat., No. 44111. 

Type, a male from Manville, June 10, 1922, paratypes from Haiti: Man- 
He sad Republica Dominicana—Puerto Plata, Sanchez, San Francisco; Navassa 

sland. 


Strategus barbigerus n. sp. 


Strategus titanus Smyth, 1920, Journ. Dept. Agr. Porto Rico, Vol. 4, pp. 7-21, 

Pl. 3. (err. det.). 

Pronotum. Male, major development: Anterior horn about as long as 
diameter of head across eyes, rectangular in cross section near base, upper 
lateral margins subacute, dorsal carina absent, dorsal surface conspicuously 
punctured, sides divergent anteriorly so that extreme apex is half again as 
wide as narrowest part, apex deeply, triangularly notched, points on either 
side of notch subacute. Posterior lateral horns short, obtuse, compressed, 
margins not acute, extreme apices right angled. Pronotal surface, including 
excavation, finely and sparsely punctured. Male, minor development: 
Anterior horn short, stout, conical, apex minutely notched, posterior lateral 
horns effaced, pronotal surface, including excavation, coarsely sculptured 
generally over anterior half, posterior half minutely and sparsely punctured. 
Female: Anterior horn reduced virtually to extinction, anterior half of 
pronotum, including the circular depression, coarsely sculptured, the sculptur- 
ing invading the posterior half in the lateral thirds, rest of pronotum finely 
and sparsely punctured. 

Elytra. Lateral and sutural margins as in the preceding species except 
that the subsutural groove is crenulate only toward disc, simple toward 
suture. Surface finely and sparsely punctured, with five or six partial rows 
of ocellate punctures on dise and with three strong rows and many irregularly 
placed ocellate punctures below humerus. 
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Pygidium. Male: Strongly convex, basal fifth and apical thickened mar- 
gin moderately densely set with long hairs. Surface smooth and impunctate 
except along margins, where it is moderately coarsely sculptured. Female: 
Nearly vertical, sculptured as in S. laterispinus n. sp. Figure 10. 

Last sternite. Male: Surface impunctate, apex broadly truncate or very 
feebly emarginate, margin set with multiple rows of densely placed, slightly 
waved hairs, which are mostly directed away from the median line. Female: 
As in S. simson (L.). 

Aedeagus, Figures 5, 6. 

Type locality.—Porto Rico: Aguirre. 

Type and twenty-four paratypes in the U. S. National Museum, Cat, No. 
44112, twenty paratypes in American Museum of Natural History. 

Type: A male from Aguirre, July 20, 1911, J.S. Orme (P. R. Sugar Growers 
Assn., No. 116-1911), paratypes: Porto Rico—Aguirre, Aibonito, Caguas, 
Coamo Springs, Guanica, Isolina, Mayaguez, Ponce, San Juan, Santurce, 
Santa Isabel, and from Porto Rico without definite locality; St. Croix— 
Christiansted; St. John. Specimens, probably of this species, have been 
reported from Vieques Island. , 


Under certain conditions, this species becomes an important enemy of sugar 
cane. For a detailed study of life history and economic status, see Smyth’s 
paper cited above. 


PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


GEOLOGICAL SOCIETY 
489TH MEETING 


The 489th meeting was held at the Cosmos Club April 13, President 
MatTTHEs presiding. 

Informal communication: WiLBpuR Newson (University of Virginia) re- 
ported the discovery of a coarse conglomerate about 800 feet thick, the lower 
120 feet of which contains pebbles and boulders, both angular and rounded, 
and from 2 to 12 inches in diameter, imbedded in a metamorphosed sediment, 
now composed of feldspar, blue quartz, and mica. The lower 120 feet of 
these metamorphosed sediments, which lie next to the Lovingston quartz- 
monzonite, have the appearance of an augen gneiss, or a mylonite. 

Above the lower 120 feet, there occurs 285 feet of conglomerate full of 
pebbles from 2 to 6 inches in diameter which become more scattered toward 
the top. Above this middle section of the formation is 345 feet of conglomer- 
ate containing pebbles from 1 to 4 inches in diameter. This upper part of 
the conglomerate grades into a mica gneiss, which is correlated with the Lynch- 
burg gneiss. The Lynchburg gneiss occupies a belt about one mile wide at 
this point, and as it has dips of over 70 degrees entirely across its outcrop, its 
exposed thickness is approximately 5,000 feet. The conglomerate and 
Lynchburg gneiss have a strike of N. 30 degrees E., and dips from 70 to 80 
degrees to the northwest. They are slightly overturned. The boulders and 
pebbles in the basal 120 feet of the conglomerate are of quartz, granite, and a 
fine-grained siliceous gneiss. These pebbles and boulders occur in clusters in 
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which the pebbles are generally from 1 to 2 feet apart. The clusters are 
separated by 4 or 5 feet of almost barren conglomerate. 

Some of the boulders are long and narrow—approximately 2 x 6 inches,— 
where seen on the weathered cross-section of the vertical beds. 

On the north side of Rockfish River at the base of the conglomerate, the 
Lovingston quartz-monzonite outcrops, whereas on the south side of the river 
an amphibolite dike crops out, which occupies the place of contact between 
the Lovingston quartz-monzonite and the conglomerate. Also near the mid- 
dle part of the conglomerate is a 75 foot off-shoot of this amphibolite dike. 
There are no amphibolite pebbles in this conglomerate, or pebbles of grano- 
diorite, or of Catoctin schist. 

This 800 foot conglomerate is named the Rockfish conglomerate, from its 
type locality on Rockfish River, and is considered to lie at the base of the 
Lynchburg gneiss of which it is the basal conglomerate. It is probable that 
further work will show that the Rockfish conglomerate extends to the south 
in the Lynchburg area and to the north into the edge of Albemarle County. 

Program: E. H. Watson of Bryn Mawr College: The petrology of San 
Carlos Mountains, Tamaulipas, Mexico. 

Discussed by Messrs. KrertH, GOLDMAN, STANTON, KinG, MILTon, and 
HEwWETT. 

ARTHUR Kertu: Stratigraphy and structure in western Vermont. 

Discussed by Messrs. Kine, Burrs, Resser, and PRINDLE. 


490TH MEETING 


The 490th meeting was held at the Cosmos Club April 27, Vice-President 
Hess presiding. 

Program: G. A. Cooper: A new accent in paleontology.—The recent rise 
of stratigraphic paleontology has been accompanied by a waning interest in 
morphological paleontology. But on the wave of stratigraphic paleontology 
has come a renewed activity in the study of all groups of invertebrate fossils. 
This renewed activity has brought with it a flood of new generic names, 
many of which are poorly defined. The logical check on this flood of names is 
sound morphological study, in which the complete anatomy of the hard parts 
of the fossils is considered. Such a study is necessarily based on excellent 
specimens or very well prepared fossils. 

As a basis for such morphological studies chemical and physical methods for 
the preparation of fossils have been developed which permit the investigator 
to obtain all points of shell anatomy. When fossils are silicified their internal 
structure may be obtained by etching away the calcareous matrix in dilute 
acid. To obtain the muscle-marks and internal septa the shell may be sof- 
tened by burning and then picked away so as to reveal the internal mold. 
The dental engine facilitates the preparation of internal characters. 

By obtaining complete interiors and emphasizing the total morphology of 
brachiopod shells internal changes due to age may be traced, and perplexing 
homeomorphs detected. In the brachiopods the internal characters give a 
sound basis for classification, the conservative structures of the dorsal valve 
defining the families and the variable ventral interior and external ornamenta- 
tion defining the genera. (Author’s abstract.) 

Discussed by Mr. Wooprina. 

M. N. BraMuetre: Origin of the Monterey siliceous rocks of California. 

Discussed by Messrs. Hess, MANSFIELD, GOLDMAN, ANDERSON, MILTON, 
Rusey, Lapp, Miser, Kine, C. 8. Ross, Bringer, and K. E. Lonman. 
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491sT MEETING 


The 491st meeting was held at the Cosmos Club May 11, Vice-President 
Hess presiding. 

Informal communications: CHas. Butts presented a geologic map of the 
Valley of Virginia based largely on field work of his own but which includes 
also all available published and unpublished material. 

F. G. WELLs presented a new physiographic map of Oregon prepared by L. 
C. Raymond of Oregon and pointed out some of the physiographic problems 
studied in particular by Mr. Raymond. 

Program: W. W. Rusey: Alluvial islands: their origin and effect upon 
stream regimen.—Throughout most of their courses in the States of Missouri 
and Illinois, the Mississippi, Missouri, and Illinois rivers are not meandering 
streams. Their crooked courses are due chiefly to division of the channel by 
many large alluvial islands. Yet, inasmuch as these rivers appear to be 
neither aggrading nor degrading their channels, the persistence of the islands 
raises several questions. 

The islands are larger and more numerous near the mouths of tributary 
streams. This fact, together with the occurrence in the river of small sand 
bars, larger mud flats and “willow bars,” and large wooded islands, suggests 
that the islands grow up from deposits, dropped by the heavily loaded tribu- 
taries and somewhat protected by tree roots. The development of islands at 
tributary mouths shifts the site of deposition riverward and thus the main 
channel is progressively deflected and the original islands become part of the 
flood-plain about the tributary mouths. Examples are numerous in the re- 
gion of this crowding of the river channel against the bluffs opposite tributary 
mouths. 

The effect of the islands upon stream regimen is a problem distinct from 
that of their origin. Measurements of the channel dimensions near a group 
of the exceptionally stable islands in Illinois River seem to show that the 
width and area of the cross-section is perceptibly greater opposite the islands 
than immediately upstream and downstream. Similar relations are also 
reported in other regions. The increased area of cross-section means a de- 
creased velocity opposite the islands. But in a graded stream the transport- 
ing power must remain constant, despite this decreased velocity, else island- 
growth once started would increase without limit. 

The hypothesis is offered that L, the total load transported, may vary as 
Pov, the product of the wetted perimeter of the channel and some power of 
the velocity. The measurements in Illinois River indicate that this power is 
about 44, a value in approximate agreement with the average of 171 deter- 
minations made by Gilbert. The hypothesis may be shown to agree qualita- 
tively with Kennedy’s Law for the design of non-silting, non-eroding canals. 
And, from the expression Pv*-* « L and the Chezy formula, the equation, 

<a iL ‘3 
SX x 5/6? 
charge). This compares fairly well with a simplification of Gilbert’s empirical 
equation of general stream equilibrium previously given. If this suggested in- 
verse relation between wetted perimeter and velocity in a graded stream should 
be found to hold true generally, it would mean that a stream could only be fully 
loaded with respect to a particular length of wetted perimeter. Widening 
the same stream so as to increase its perimeter, even though the velocity was 
somewhat decreased thereby, would increase the total transporting power. 
(Author’s abstract.) 
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W.S. BursBank: Relation of Cretaceous and early Tertiary igneous intrusion 
to structure in Colorado.—Certain effects of the late Cretaceous and early 
Tertiary structures of Colorado in controlling the intensity and locus of igne- 
ous activity are apparent from an inspection of a geologic map showing the 
distribution of igneous masses and the structural trends. The gradual de- 
velopment of these structural trends can be traced in certain events of the 
historical geology. Some major trends of the Laramide structures coincide 
with or are parallel to highland trends of late Mississippian to Permian age, 
and further evidence afforded by unconformities and by Paleozoic sedimenta- 
tion is believed to show that the outlines of the late Cretaceous and early 
Tertiary structures were an inheritance, with some modification, from the 
Paleozoic. 

The principal areas of igneous activity of late Cretaceous and early Ter- 
tiary age coincide in part with the axial trends of the folding and thrusting of 
the Laramide revolution, but also equally or even more important centers of 
intrusion are entirely transverse to the axes of folding. Study of the develop- 
ment of tectonic provinces in the State shows that certain kinds of structures, 
which occupy transitional zones between these provinces, have exerted a 
dominating control in localizing the transverse zones of igneous activity. 

These transverse structural zones are probably fundamental flaws in the 
crust resulting from intermittent shear and tension produced by differential 
deformation in the bounding provinces. They may perhaps be represented 
in more modern and superficial examples by the shearing and tensional de- 
formation which Brouwer has shown to occur at the zones between major 
geanticlinal provinces of the Netherlands East Indies. Such transverse struc- 
tures were shown to be persistent throughout several periods of deformation 
in the Tertiary to Recent formations of the East Indies. There is some evi- 
dence to suggest that in Colorado conditions were favorable for the incipient 
division into tectonic provinces as early as late Paleozoic. 

Many of the larger intrusive centers and the more important ore deposits 
of the state are situated along or close to this transverse structure. Other 
and probably less important factors that have affected igneous activity and 
mineralization are the thicknesses of the Paleozoic and Mesozoic sedimentary 
blanket, and the amount of deformation to which the rocks were subjected 
preceding and during igneous intrusion. Provinces of very thin or only 
moderately thick sedimentary blankets were characterized by complex vol- 
canism in late Cretaceous and early Eocene time, and by important intrusion 
and ore deposition of early Eocene age, especially in or near the zone of trans- 
verse disturbance. On the other hand, geosynclinal provinces of thick sedi- 
mentation (15,000 to 20,000 feet or more) that were also affected by strong 
compressive deformation, were characterized by weak volcanism in late Cre- 
taceous and early Eocene during the period of maximum compression. There 
followed a long cycle of intrusion and volcanism which probably did not reach 
its climax until late Eocene when compressive forces ceased or became feeble. 
The retarding of voleanism by deformation is comparable to such effects as 

shown by modern volcanoes of the Netherlands East Indies where deforma- 
tion has extinguished voleanic phenomena along the crests of the most ac- 
tive geanticlines. The ore deposits are less important in regions of maximum 
thickness and deformation of sediments even where the geosyncline crosses 
the trend of the transverse igneous belt. (Author’s abstract.) 

Discussed by Messrs. Ruspry, Resser, and Hewett. 

J. F. Scoarrer and W. H. Bran ey, Secretaries. 
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SCIENTIFIC NOTES AND NEWS 


Dr. Wi1tu1aM Bowtn, Chief of the Division of Geodesy of the U. S. Coast 
and Geodetic Survey, has recently been elected Honorary Member of the 
State Russian Geographical Society. 


RECENTLY ELECTED TO MEMBERSHIP IN THE ACADEMY 


HERBERT GROVE Dorsey, Principal Electrical Engineer, U. S. Coast and 
Geodetic Survey. Instructor of physics at Universities of Maine, Florida and 
Cornell, research engineer, Western Electric Co., National Cash Register 
Co., Hammond Radio Research Lab., and Submarine Signal Co. Author of 
numerous articles on magnetism, expansion, electroculture, electric furnaces, 
optics, telephony and radio; inventor of several devices including dynamic 
loud speaker and fathometer. 


Haroup Epcar McComsp, Chief, Section of Observatories and Equipment, 
Division of Terrestrial Magnetism and Seismology, U. S. Coast and Geodetic 
Survey. Magnetic observer, Coast and Geodetic Survey, 1909; instructor of 
physics, University of Nebraska, 1911-1914; magnetic observer, Coast and 
Geodetic Survey, 1914. Author of numerous papers on general physics, 
terrestrial magnetism and seismology. 


Water Forp Reynotps, Chief, Section of Triangulation, Division of 
Geodesy, U. S. Coast and Geodetic Survey. Author of various articles and 
publications on triangulation surveys in the United States and Alaska. 
Geodetic computer, Coast Survey, 1907, United States and Canada Boundary 
Commission, 1908-1911; Coast Survey, 1911; Chief Section of Triangulation, 
1924. 


CLARENCE HerBertT Swick, Chief, Section of Gravity and Astronomy, 
Division of Geodesy, U. 8S. Coast and Geodetic Survey. Author of various 
articles and publications on the gravity, astronomical work and longitude 
determination of the Coast and Geodetic Survey. Hydrographic and 
gravity surveys 1907-1909; geodetic mathematician, 1910, in charge of 
editorial work of geodetic publication, 1912; Chief, Section of Gravity and 
Astronomy, 1924. 


Frank N. Weipa, Professor of Mathematics, George Washington Univer- 
sity. Author of articles relating to mathematical statistics and actuarial 
science, also text book on analytic geometry. Head of mathematics and 
science depts., St. Albans, 1914-1916; assistant in mathematics, University 
of Chicago, 1916-1917, instructor in mathematics, Univ. of lowa, 1917-1924; 
assistant professor of mathematics, Montana State College, 1924-1925; 
assistant professor of mathematics, Lehigh Univ., 1925-1930; associate 
professor of mathematics, George Washington Univ. 1930. 


Paut Curmton Wuitney, Chief, Division of Tides and Currents, U. S. 
Coast and Geodetic Survey. Author of various feature articles and publica- 
tions including Coast Pilots. Engaged in hydrographic surveys 1903-1917; 
magnetic observer on first cruise of non-magnetic yacht “Galilee” of the 
Carnegie Institution of Washington; Chief, Coast Pilot Section, 1919-1925; 
in charge of San Francisco Field Station, 1925-1928; Chief, Division of Tides 
and Currents, 1928. 











